INTRODUCTION
European Union legislation on urban wastewater treatment were set out in the Council Directive 91/271/EEC and systematized under Framework Water Directive 2000/60/EC. As per Directive 91/271/EEC, Poland acknowledged an obligation to ensure good condition of waters (flowing and standing) until the end of 2015. Directive 91/271/EEC introduced the term "agglomeration" understood as a basic area unit where urban wastewater management is conducted. Implementation of this Directive into Polish legal system required a regulation [Rozporządzenie… 2010] that governs all basic concepts contained therein. Quick development of sanitary infrastructure in Poland makes it necessary to treat the sewage so that they meet the requirements of applicable regulations [Rozporządzenie… 2014] . To achieve this goal, Poland developed the "National Programme for Municipal Wastewater Treatment" (KPOŚK) [MŚ 2003 ] that has been updated several times (I AKPOŚK -7 Jun. Composition of supplied sewage is one of the basic information required for proper design or upgrade of a wastewater treatment plant. Data on the proportions of individual pollution indicators are important for the facility operator as they may indicate possible course of biodegradation processes during the sewage treatment. According to KACZOR [2009] , in the communities where no collective system for sewage discharge and disposal has been implemented, sewage composition and concentrations of individual pollutants at the stage of a new WTP design should be predicted based on the nature of agricultural production, population, presence of public buildings and small manufacturing or processing facilities such as dairies, slaughter houses or butcher's shops, and anticipated amount of sewage supplied by vacuum trucks.
The aim of the study was to compare the composition of domestic sewage entering collective wastewater treatment plants from selected agglomeration sewerage systems.
DESCRIPTION OF THE STUDY OBJECT
The study included 10 agglomeration sewerage systems: Jasło, Dębica, Sanok, Połaniec, Kolbuszowa Dolna, Trzcinnica, Kołaczyce, Haczów, Szebnie, and Przysieki. Locations of the WTPs to which the sewage was supplied via the sewerage systems are presented in Figure 1 .
Basic information on the investigated sewerage systems and wastewater treatment plants are presented in Table 1 . 
MATERIALS AND METHODS
The study presents the levels of pollution indicators in raw sewage entering selected wastewater treatment plants. Raw sewage samples were collected as required by applicable standards (PN-74/C-04620/11; PN-EN 25667-2:1999 These results were compared with the outcomes reported in commonly available research papers on sewage disposal [BŁAŻEJEWSKI 2003; HEIDRICH, WITKOWSKI 2005; HEIDRICH et al. 2008; HENZE et al. 2002; ŁOMOTOWSKI, SZPINDOR 1999; TCHOBANO-GLOUS et al. 2003] . Table 2 presents the concentrations of selected pollution indicators in raw sewage. HENZE et al. [2002] categorized raw sewage into four main groups: concentrated, moderately concentrated, diluted, and highly diluted.
Considering the concentration of individual pollution indicators, more detailed categories of sewage pollution were adopted in this work. Table 3 presents our categories of raw sewage depending on its pollution concentration. Ranges of individual intervals were determined based on the reports by HENZE [1982; 1992] and HENZE et al. [2002] . The sewage was divided into five basic groups: I -highly concentrated, II -concentrated, III -moderately concentrated, IV -diluted, and V -highly diluted. The sewage categories accounted for the following pollution indicators: BOD 5 , COD Cr , total suspended solids, total phosphorus and total nitrogen. 
Source: own elaboration.
RESULTS AND DISCUSSION
Figure 2 presents mean BOD 5 in the raw sewage entering the investigated facilities and shows high variability of this indicator. The highest BOD 5 was observed in the sewage collected in Kołaczyce agglomeration (mean 563.1 mg O 2 ·dm -3 ), and the lowest in Kolbuszowa Dolna (mean 242.4 mg O 2 ·dm -3 ). As per sewage concentration categories set out in Table  3 , the sewage entering the WTP in Kołaczyce was highly concentrated (group I). The sewage entering the WTP in Kolbuszowa Dolna was moderately concentrated (group III). The remaining eight facilities were supplied with concentrated sewage (group II). A comparison of BOD 5 with the reports of other authors [HEIDRICH, WITKOWSKI 2005; HENZE et al. 2002; ŁOMOTOWSKI, SZPINDOR 1999] . A possible explanation is that implementation of water saving strategies resulted in increased BOD 5 in raw sewage as compared with earlier studies. A few decades or a dozen or so years ago households were charged a lump sum for tap water, and there was no motivation for its rational consumption. Therefore, due to high water consumption, collective WTPs were supplied with diluted sewage. This means the composition of raw sewage should be closely and regularly monitored and up-todate monitoring data on pollution indocators should be used by potential WTP designers.
The data presented in Figure 3 indicated the highest mean COD Cr in the raw sewage entering the WTP in Kołaczyce (1233.9 mg O 2 ·dm -3 ). According to the categories from Mean Mean +/-0,95 confidence level Fig. 3 . Mean COD Cr in raw sewage entering the investigated facilities; source: own study szowa agglomeration, where its mean value was 561.9 mg O 2 ·dm -3 (group III -concentrated sewage). The above data showed high COD Cr for the majority of the investigated facilities. This might be an effect of a systematic decrease in tap water consumption. A decrease in water consumption is due to economic reasons (increasing cost of water supply and sewage disposal), and the use of water-saving sanitary devices in individual households. Large differences between mean values might be due to infiltration or incidental waters that may enter the sewerage network and dilute the sewage MŁYŃSKI et al. [2016] . On the other hand, the sewage supplied with vacuum tanks increases general sewage concentration. HENZE et al. [2002] . Summing up, the results of this study were the most similar to those obtained by BŁAŻEJEWSKI [2003] and KACZOR [2009] . Figure 4 presents mean results for total suspended solids in raw sewage entering the investigated facilities. Similarly as for both oxygen-related indicators, significant differences in mean values of the analyzed indicators in the sewage entering the investigated facilities are visible. Very high concentrations of suspended solids were observed in the sewage supplied to the WTP in Kołaczyce (mean 965 mg·dm -3 ). The sewage was highly concentrated and was classified as the first group (highly concentrated). The first group comprises sewage in which total suspended solids exceeds 500 mg·dm -3 , and that means the values observed in Kołaczyce were very high. Mean total suspended solids in raw sewage exceeding 500 mg·dm -3 was also reported in two other facilities (Przysieki and Szebnie). Based on mean values of this indicator, the sewage entering the WTPs in Dębica, Trepcza and Trzcinica were classified into the second group (concentrated sewage). The sewage entering the facilities in Haczów and Kolbuszowa were classified into the third group. The lowest concentrations of total suspended solids were observed in the sewage entering the facilities in Jasło and Połaniec, and they were classified into the group of diluted sewage (IV). What deserves attention is that there are very large differences between the maximum and minimum concentrations of total suspended solids in sewage flowing into the treatment plants in Przysieki and Koła-czyce. It might be suggested that this situation results from the periodic inflow of rainwater to the discussed . The study determined also the level of biogenic indicators in the raw sewage entering the investigated facilities. Resulting data are presented for only five selected facilities (Fig. 5) , as there were no sufficient data for the others. The outcomes depicted in Figure 5 indicate moderate concentration of total nitrogen in the raw sewage. The highest mean concentrations were noticed for Dębica and Połaniec, and they were 85.2 and 82.7 mg N tot ·dm -3 , respectively. The remaining three facilities were supplied with moderately concentrated sewage (group III). HENZE et al. [2002] , TCHOBANOGLOUS et al. [2003] and BŁAŻEJEWSKI [2003] reported mean concentration of total nitrogen in raw sewage to be around 50 mg N tot ·dm Concentrations of total phosphorus incoming to the selected facilities are presented in Figure 6 . The data shown in this figure demonstrate that in terms of total phosphorus the incoming sewage was moderately concentrated (Dębica, Trepcza, Połaniec) or diluted (Kolbuszowa and Jasło). Other researchers i.e. ŁOMOTOWSKI and SZPINDOR [1999] and HENZE et al. [2002] reported significantly higher concentrations of total phosphorus in raw sewage (mean 16 mg P tot ·dm -3 ). Contrary to that, KACZOR [2009] claimed that mean concentration of total phosphorus was around 11 mg P tot ·dm -3 , and this was closer to the values presented in Figure 6 .
Concentration of pollution indicators is closely related to the efficiency of biological decomposition of the sewage. Figure 7 presents mean COD Cr :BOD 5 ratio for the raw sewage entering the investigated facilities. Data displayed in Figure 7 demonstrate that in most of the facilities COD:BOD 5 ratio in the raw sewage was above 2.2, i.e. the maximum value required for effective treatment of carbon compounds. COD:BOD 5 ratio conducive to biological treatment of raw sewage was detected only in the WTP in Jasło. The highest mean value of COD:BOD 5 ratio was as high as 2.7 and was calculated for Trepcza. Figure 8 presents mean BOD 5 :N tot ratio for the raw sewage entering the investigated facilities. This ratio demonstrates potential effectiveness of biological methods of nitrogen removal. Analysis of the data presented in Figure 7 indicates that the highest BOD 5 :N tot ratio was observed for the sewage entering the WTP in Jasło (7.8). This ratio was significantly lower (mean 3.8) for the sewage supplied to the WTP in Połaniec. In the other facilities, this parameter was above 5. Nitrogen can be properly removed when BOD 5 :N tot ratio is higher than 4, and this requirement was met in nearly all facilities. Mean BOD 5 :N tot ratio in raw sewage entering multiple facilities in the Małopolska region reported by KACZOR [2009] Fig. 9 . Mean BOD 5 :P tot ratio for raw sewage entering the investigated facilities; source: own study Data showed in Figure 9 indicate substantial differences between mean BOD 5 :P tot ratios. Moreover, mean BOD 5 :P tot ratio for all the facilities was significantly higher than required (>25) for effective removal of total phosphorus. KACZOR [2009] claimed that mean BOD 5 :P tot ratio for the wastewater treatment plants in the Małopolska region was much higher and amounted to 28.9. Low values of BOD 5 :P tot ratio may encourage potential designers of a WTP to implement an additional step of chemical precipitation of phosphorus to improve the effectiveness of its removal.
CONCLUSIONS
1. Mean BOD 5 , COD Cr and total suspended solids in the raw sewage were higher than mean values reported in the referenced literature. However, concentration of total phosphorus in the raw sewage was significantly lower than described by other authors.
2. The study outcomes suggest that implementation of water saving strategies might have resulted in increased BOD 5 in raw sewage as compared with earlier studies. A few decades or a dozen or so years ago households were charged a lump sum for tap water, and there was no motivation for its rational consumption. Therefore, due to high water consumption, collective WTPs were supplied with diluted sewage. Close and regular monitoring of the composition of raw sewage is recommended and up-to-date monitoring data on pollution indicators should be used by potential WTP designers.
3. The relationships between mean ratios of pollution indicators COD:BOD 5 and BOD 5 :N tot indicated that the sewage discharged from the investigated agglomeration sewerage systems may be effectively subjected to advanced biological treatment involving removal of nitrogen compounds.
4. Mean BOD 5 :P tot ratio for all the facilities was significantly higher than required (>25) for effective removal of total phosphorus. The observed high ratios of BOD 5 :P tot indicate the susceptibility of sewage to biological phosphorus removal.
5. The outcomes of this study suggest that the predictions concerning pollution degree of raw sewage made at WTP design stage should not be based exclusively on general values provided in literature reports.
